Medicaid program criteria for accessing hepatitis C treatment are changing. Medicaid drug utilization data from 2014 to 2016 show that programs that have relaxed their criteria have seen significant increases in treatment utilization, as have states with Medicaid expansions.
in eligibility criteria on Medicaid DAA utilization has not, to our knowledge, previously been reported. In the current study, we aimed to characterize variation in DAA utilization among states and explore the association between changes in Medicaid treatment eligibility criteria and trends in utilization.
METHODS
We conducted an analysis of the Medicaid Drug Utilization File from the Centers for Medicare & Medicaid Services, containing counts of prescriptions dispensed to all Medicaid enrollees by National Drug Code for each state and quarter [7] . Codes with <12 prescriptions are suppressed in the raw data and treated as zero. We analyzed data from the second quarter of 2014, after the release of sofosbuvir but just before the release of the first all-oral DAA regimen, until the third quarter of 2016, the most recent available data. We excluded Connecticut from the analysis because DAAs prescribed in Connecticut were limited to 2-week quantities, rather than the 30 days used in other states [8] .
Data from 2 states (North Dakota and Utah) for the third quarter of 2016 were excluded owing to incomplete data. The primary outcome was the number of DAA prescriptions per 1000 HCV-infected nonelderly adult Medicaid enrollees. The number of HCV-infected enrollees was estimated by applying state-specific age distributions among Medicaid enrollees [9] to the total number of Medicaid enrollees [10] , and then applying age-specific HCV prevalence rates [11] to each state/age group. Enrollees aged >65 years are likely to be dually covered by Medicare and Medicaid and receive pharmacy benefits from Medicare Part D [12] , and they were therefore excluded from the denominator.
States were categorized based on the change in Medicaid policy between 2014 and 2016 [5] . In either 2014 or 2016, a requirement of advanced fibrosis (with a METAVIR fibrosis score of F3 or F4) and requirement of proof of abstinence from substance use were considered high restriction; less restrictive policies were considered no-to-low restriction. Category definitions and state categorizations are shown in Supplementary Tables S1 and S2. We did not consider specialist consultation in our analysis because 25 of 26 states continued to be restrictive with this policy over the study years.
We plotted DAA prescriptions per 1000 HCV-infected nonelderly adult enrollees over time both overall and by each policy change category. We then estimated a linear regression of the outcome as a function of study quarter, the release of sofosbuvir-ledipasvir, change in fibrosis policy, change in abstinence policy, Medicaid expansion, and the interactions between policy change indicators and time.
Over the 2½ -year study period, across 49 states and the District of Columbia, a total of 273 158 DAA prescriptions were dispensed to Medicaid enrollees. The number of prescriptions declined from 21 061 in the second quarter of 2014 to 13 555 in the fourth quarter of 2014 (probably reflecting delays in treatment in anticipation of the release of sofosbuvir-ledipasvir), and then rose to 40 546 by the third quarter of 2016. Sofosbuvir-containing medications accounted for the majority, but a declining proportion of prescriptions in each quarter (86% in the second quarter of 2014 and 63% in the third quarter of 2016). A, High restriction is defined as a METAVIR score of F3 or F4; no-to-low restriction, no restriction or a score of F1 or F2; less restrictive, a change from high restriction to no-to-low restriction; and more restrictive, a change in the opposite direction. B, High restriction is defined as any documentation of abstinence from substance use; no-to-low restriction, no documentation needed; less restrictive, a change from high restriction to no-to-low restriction; and more restrictive, a change in the opposite direction. Abbreviations: Q2, quarter 2; Q4, quarter 4.
Among the 28 states with known fibrosis requirements in both 2014 and 2016, 10 became less restrictive, 16 maintained high restriction, and 2 maintained no-to-low restriction. Of the 32 states with known abstinence requirements in both years, 5 became less restrictive, 4 became more restrictive, 4 maintained no-to-low restriction, and 19 maintained high restriction. Only 2 states became less restrictive in both categories, and 10 maintained high restriction in both categories. For both the fibrosis and abstinence requirements, although all policy change categories saw an increase in DAA utilization and the states that stayed highly restrictive maintained a high level of use throughout the study period, states that became less restrictive had the most rapid increase, ending the third quarter of 2016 at a rate comparable to that in states that maintained no-to-low restriction. (Figure 1A and 1B) .
States that implemented Medicaid expansion under the Affordable Care Act saw a high rate of increase in utilization compared with states that did not ( Figure 1C) . By the end of the study, the 31 expansion states had a mean of 70 prescriptions per 1000 HCV infected enrollees, compared to only 41 among the 19 nonexpansion states.
Results of the multivariate linear model using the 25 states with complete policy data yielded very similar findings as the descriptive analysis. Model results and plots of predicted outcomes for each policy change category are provided in Supplementary Table S3 and Supplementary Figure S1 .
DISCUSSION
Increases in the use of DAAs by Medicaid enrollees over 2014-2016 were significantly associated with changes in state Medicaid programs' treatment eligibility criteria over the same period. Our findings are consistent with analyses by Liao and Fischer [6] , who reported lower Medicaid spending on sofosbuvir in states with strict behavioral criteria around drug and alcohol use in 2014. Our findings also suggest the potential impact of the Medicaid expansion on DAA utilization.
A limitation of the data used in this study is the suppression of values with a small number of prescriptions, although we conducted sensitivity analyses around this assumption (Supplementary Figure S2) , and the results did not change overall findings. Policy changes were classified based on crosssectional surveys in 2014 and 2016; as a result, the exact timing of a given policy change was not known. We could not determine the exact number of HCV-infected Medicaid enrollees in each state; instead, we based our estimates on state-specific age distributions of Medicaid enrollees and national data on HCV prevalence by age.
In conclusion, relaxation of Medicaid DAA treatment eligibility requirements in terms of disease severity and substance use abstinence may have contributed to increased treatment access for HCV-infected Medicaid enrollees. Despite the obvious implications for Medicaid program cost, this expansion is necessary to significantly reduce the burden of HCV-related mortality.
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